oodoooon

goodd

oooo oocooo

No. 6: 00D0DODOOO 1(OO)

0000 (OO0 o0oDbOoO0O0) oooooooo No.6: 00OD0OOO 1(0D0) 1/24

O (Type) D O7

microML O OCamlO O 0O

0 (OCamlDODDOOOOO)D

1 + true
10 (fun x — x + 1)
fun x — x x

OO000OmicroMLOOODOOODO1-200000000003000O0
oboboobobobobogonbog
OCaml OO0 UO00OO0OOOO(DODOOOOO)O

-~ OCamlO 0000000 (ef. OOODOOODDODOOUOODO;, 00000
O0oo0o0oooooon)

0000 (oooOoO ooooo) 0ooooooo No.6: 00OODOOO 1(00O)

Type System

gboboboobooobooooobooboboboboboooboooooon
oboooooooon

» 000000 (DODO0O0OLO)b00o0ooOo0ooooooUOnD O
oo

» JOOO0Oobooboobooooooooo

gbobob oooooooboboboboobooboooooooon
obobobobooboooooboobobobobob11bo
O0000000: 000000000000 DO (ooooOooon)
gbobooboooooooboobobobobobooboooboooboon
O0000000:00000000DO000bO (ooooooon)
obbooboooooboobobobobobooooooooboooboon

0000 (DO0DO0 o0Oo00) OopDoooooo No.6: 0O0DODOOO 1(00O) 4/ 24

B. Pierce, “Types and Programming Languages”, MIT Press, 2002. (O O
O0oooooon)

A type system is a tractable syntactic method for proving the
absence of certain program behaviors by classifying phrases
according to the kinds of values they compute.

» 000000 (DDODOO0)0ooooooOo0ooooooo
» JO0O0ODO (Cooo)oooooo
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goadad coboobg

000 (atomic type)
» [1: int, bool, string, ...

O0000: 0000000000 (type constructor) DO 00000
> U

v

COO: 000 (strucut)0 OO (union)I 0000000 D0D
JavalO: 000 (D0O0OO0OOOO)0OOO

MLODO: 0000000 (record)D 00000 (variant), D000
goboooboboooboooo

Lisp/Scheme 00O : SO (S expression)

v

v

v

0000 (OO0 o0oDbOoO0O0) oooooooo No.6: 00OD0OOO 1(0D0)

OCamlO O (1)

1. 000

10 : int
true : bool
"abc" string

let x = 10 in x *x 2 + 3 : int

(fun x —+ x * 3 = 10) (5 + 1) : bool

2.000 (DwpleDOO0)DODOOO

(10, 20, "abc") : int x int *x string
[10; 20; 30] int list
[[10; 201; [30; 40; 501] (int list) 1list

0000 (DO0DO0 o0Oo00) OopDoooooo No.6: 00O0D0OOO 1(0D0)

choooooooooooo

void foo (int *p, int *q) {
while (xp) {
x(gqt+) = x(p++);
}

v

void, i nt 000000

*0OOOUOOoOOoO (OO pPr(r)ODO0OOCOOOO)

O00 int »p 0 M p0 Pr(int) D00 D0O0OO0DODOOOODO
p++0 00 Ptr(int) DO *(p++) 000 int00 00

» 00 fooOODOO (Ptr(int) * Ptr(int)) -> void
cOO00O0ooOobOobOobOobDOoDonoo

» 0000 g++ = xp++; 0000

0000 (oooOoO ooooo)

OCamlO O (2)

v v

v

0ooooooo No.6: 00OODOOO 1(00O)

3.000

fun x - x + 1 : int — int

fun x — (List.hd x) + 1 (int list) — int
fun x — ((List.hd x) + 1) (List.tl x) (int 1list)
(int 1list)

fun x — (x+1, x—1) int — (int x int)

ooon

fun £ — (£ 10) * 5 (int — int) — int

fun x - (fun y =& x + y) : int — (int — int)

fun £ - (fun x — £ ((f x) + 3)) (int — int) — (int
— 1int)

—

0000 (0000 oOoooo) oooooooo

EEEEEEEEGED
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OCamlO O (3)

4. 0000000000000

type weekday = Monday | Tuesday | Wednesday |
Tuesday : weekday

type expr = CstI of int | Prim of string * expr * expr
CstI(3) : expr

Prim("+", CstI(3),CstI (4)) : expr

Prim("+", Prim("*",CstI(3),CstI(4)),CstI(5)) : expr

oboboobobooboooooboobobobo
O000: GADT(COOOUDOOODOOoOoOo)boooooog(oCaml
0000 HaskellOODODO)

0000 (OO0 o0oDbOoO0O0) oooooooo

odvsddooooon

goad

SortO0 (DODO;00000DOO0ODOOOOOOOOO):

int list ->
float list

int list
-> float list

Sort_int
Sort_float :

Sort00 (OO0, 000000000000DO):
Sort : Ua .

(a 1list -> o 1list)

SortU0 (DO0; 00000000000 ODOOODO):

Sort : Oa ((a *x o =-> bool) -> (o 1list -> a 1list))
Sort (<) [10; 30; 20] = [10; 20; 30]
Sort (>) [10; 30; 20] = [30; 20; 10]

obobobobobooboo@mooobobobobooooboon

0000 (oooOoO ooooo) 0ooooooo

gooooboon

O (1+"abc") 0000000 DODOOOODO

» MiniCO MinMLOODOOOOO (OOO)ooOooooOo
» CO OCamlOO0O0O0O0O0O0OOODO (DDODO)0DDOODODOO

ogbobobobooooboooboon

» JOOO0OOooOoooboooon
» (000DD0O0OU0DODOOO0)YOooooooo

0000 (DO0DO0 o0Oo00)

OopDoooooo

0 (1+"abc") 0000000000 OOOOODOOOOOOO
» 00000 (type) DO OODOOOODOOODODOODODOOOODOO
ogn

» JOO00O0O0O0b00ob0o0o0ooooobobobooboobooooo
obooobgg

» JO00000000000000O00O00O00O00OOOOOOOO
» JO00000000O0O0O00O0O0ODOO0ODOODODODODODOOODODOO
gogogogog
000000000 (Type Soundness):

» 000000 (00)00o0U00o0o0UooOoooooUooooO (O
000000)0000000oo

oooooooo

0000 (0000 oOoooo)
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O00: 00000 (Co0)0oo0oU0oo0oUooooooUooO
obooobooooon

» CODODO JavaO OO
» JO0O0O0O0O00OO0OO0O0OO0O0O0OOOOOOOOODbOOOOOOOO DDD)

00000000000000000000000000000
000000000000000000000000000000
000:00(000)0000000000000000000000 Satalatalalataiats

uboboooobooboooooboobobo

v

Lisp, Scheme, Ruby O O O
DDDDDDDDDDD((lambda (x) (+ "abc" 100)) 0000

v

v

v

oo bobbboboon

» MLOO O Haskell O OO ooboooooon

» MLOOODODMODODOOO0ODOO0DO0DO00000O0bO0ODbODO
gogbobooobbooobobooboobnb

0000 (OO0 o0oDbOoO0O0) oooooooo i ’ 0000 (oooOoO ooooo) 0ooooooon

Jogdooobboggoaad 000 (Polymorphism)

void swap (int *p, int *q) {

int r;
C/C++ | Lisp | ML,Haskell | Java Ruby,JavaScript T = *p; *p = *q; *q = T;
O0/00 |00 oo | 0O o0 o0 }
Oo0/o00 |000 O ooOd oog |00
swapU OO (int*)000O00000D0O0O0OOOOOOO

» JO0O0O0OOObOoOobOobOobOoOoOn

» 00:000000000000/000 void swap (T *p, T *q) {

» 00:0000000 T r:
PDDD/DDD r=*p; *p:*q; *q:r;

» DO00:00gbbo0boobobooobuooboobboon T

» 000: 0000000000000000000000000000 | for any T.

# let swap (x,y) = (y,%) ;;
- : ’a* b ->"’b *x ’a = <fun>

oboboobobobogoobooobog

0000 (DO0DO0 o0Oo00) OopDoooooo i 4" 0000 (0000 oOoooo) oooooooo




MLO O OOOO (polymorphic type)

map O 0O :
(¢ - B) — (o list — B list)
let inc x = + 1

]

X
map inc [1; 2; 3
=> [2; 3; 4]

rr
rr

(map 0000 (int -> int) -> (int list -> int list))
let addl x = x ~ "1";;

map addl ["kameyama"; "yukiyoshi"];;
=> ["kameyamal"; "yukiyoshil"]
(map 0 0OOO

(string -> string) -> (string list -> string list))

0000 (OO0 o0oDbOoO0O0) oooooooo

MLO O OOOO (polymorphic type)

MLO O OOOO (polymorphic type)

oobooooooooooog;leeboobooD

let £ (x,y) = (v,x)i;

=>f : ax [ = ¥«

let g x = x in ((g 10), (g "abc"))
=> g : a0 — «

ooobOobOobOOooO MLODODODODODODOOO

(fun h —+ ((h 10), (h "abc"))) (fun x — x)
==> type error

0000 (oooOoO ooooo) 0ooooooon

goooon

O000000000O0000;let0000onoO
let g £ = £ £;;

==> type error

let f x = x in
(£ £) 10 ;;
==> OK
£f00
» let0OO0O0O £ ... ’a => ’a
» 1000 f ... (int -> int) -> (int -> int)
» 2000 f ... int -> int

O00OmapO0O0 CODOODODOODODOO

» OO0 1L int00000 map, string0 0000 mapO0 O OOOO0O0OO
oogd

» 002 OvodOOOOD0O mapUODOODOOODOOOODOODO cast
ood

» 00 3. C++ 0 template DO O M TOOODOO mapOD OO0 OO0 OO
0O0o0o0O00ooOooo TOODODOOOO

oolbo0ooooooboooboobooobbooboboobooboooooooooon
oboboobobobobob

200000000000 00O00O0O0ODOODOOODOO
obooboboboboboboonog
00300000000000000000DO00OOC/C++0000
gbobobobobobooboooooooboboboboboonoo
gboboboboobooboooooooobon
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000000000000000000000000000000000
000000000000000000000000000(@0000
» ooooobooooooooood 00)000000000000000000000[00000]

000000000 DO parametric polymorphism OO0 O OO0OO0OMLO » 00000
DDDDDHaskeIIDDDDDDDE.IDDDDDE.I » 00000 vs 00000
cf. OOO0OO0D0O0O0O0DO0O0 subtyping polymorphism Haskell 0 0 0O 0O O 000

>

0000 ad hoc polymorphism.
O000: 0000000000 (00 Java)DOOOOO (Generics,
subtyping polymorphism, ...) -0 00000

0000 (OO0 o0oDbOoO0O0)

HEN
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